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WHEEL DRIVE MOTOR AND TRAILING
ARM SUSPENSION

TECHNICAL FIELD

The subject mvention relates to a wheel drive motor that
comprises part of a suspension structure.

BACKGROUND OF THE INVENTION

Low floor vehicles, such as buses for example, utilize elec-
tric wheel drives with trailing arm suspensions. Each wheel
includes a spindle and a wheel drive shatt that rotates relative
to the spindle about a lateral axis of rotation. A traditional
configuration utilizes an electric motor that has a motor out-
put shaft that extends perpendicular to the lateral axis of
rotation. A right angle, multiple gear reduction box 1s used to
transmit driving power from the motor output shait to the
wheel drive shaft. An o1l pump 1s also typically attached to the
gear reduction box to provide suilicient lubrication.

A traditional suspension configuration utilizes a trailing
arm that extends underneath the electric motor along a lon-
gitudinally extending length of the electric motor. The sus-
pension arm includes a pivot end that 1s attached to a vehicle
structure and an attachment end that 1s fixed to the gear
reduction box. The electric motor 1s mounted to the vehicle
structure with brackets.

One disadvantage with this traditional configuration 1s the
amount of packaging space required for the electric motor,
gear reduction box, o1l pump, etc., which reduces space avail-
able for other components. Another disadvantage i1s the
weight and cost of these various components.

Thus, there 1s a need for a more compact, reduced weight
wheel drive assembly that overcomes the deficiencies in the
prior art discussed above.

SUMMARY OF THE INVENTION

A suspension for an electrically driven vehicle wheel
includes a spindle extending 1n a lateral direction, an electric
motor that drives a vehicle wheel and 1s mounted to the
spindle, and a suspension arm that extends 1n a longitudinal
direction transverse to the lateral direction. The electric motor
includes a motor housing and an output shaft that 1s coupled
to a wheel drive shait. The output shait and wheel drive shaft
are co-axial. The suspension arm includes a pivot end adapted
for attachment to a vehicle structure and an attachment end
that 1s rigidly attached to the motor housing such that the
clectric motor 1s a structural part of the suspension. As such,
the motor housing can accommodate torsional loads resulting
from forces exerted by the pivot end of the suspension arm.

In one example, the pivot end of the suspension arm
includes first and second pivots that are laterally spaced apart
from each other. The attachment end includes a portion that
extends underneath the electric motor, and which has a first
flange mount fixed to an mmboard facing side of the motor
housing and a second flange mount fixed to an outboard
facing side of the motor housing.

In one example, the electric motor includes a planetary
gear set that 1s driven by the output shaft. The planetary gear
set includes a sun gear that 1s fixed for rotation with the output
shaft, a plurality of planet gears 1n meshing engagement with
the sun gear, and a stationary ring gear in meshing engage-
ment with the plurality of planet gears. A planet carrier sup-
ports the plurality of planet gears via a corresponding plural-
ity of planet pins. The planet carrier provides driving output to
the wheel drive shatft.
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In one example, the planetary gear set 1s associated with an
outboard end of the output shaft and a parking brake 1s asso-
ciated with an inboard end of the output shaft. The parking
brake includes a rotating component that 1s driven by the
clectric motor. A non-rotating component selectively engages
the rotating component to apply a parking brake force.

These and other features of the present mvention can be
best understood from the following specification and draw-
ings, the following of which 1s a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a wheel drive and suspension
incorporating the subject invention.

FIG. 2 15 a top view of the wheel drive and suspension of
FIG. 1 coupled to a wheel.

FIG. 3 1s a schematic view of an internal configuration of an
clectric motor used 1n the wheel drive and suspension of

FIGS. 1-2.

DETAILED DESCRIPTION OF THE
EMBODIMENT

PR.

(L]
By

ERRED

A wheel drive and suspension 1s shown generally at 10 1n
FIG. 1. The wheel drive and suspension 10 includes a spindle
12, which comprises a non-rotating component, and a wheel
drive shaft 14 that rotates about a wheel axis 16 relative to the
spindle 12. An electric motor 18 includes an output 20 that
drives the wheel drive shatt 14. The output 20 1s co-axial with
the wheel axis 16. The electric motor 18 drives a vehicle
wheel 22 (FIG. 2). Laterally spaced from vehicle wheel 22 1s
another vehicle wheel (not shown) that would similarly be
driven by another electric motor as part of another wheel drive
and suspension 10.

The electric motor 18 1s rigidly mounted to a suspension
arm 24. The suspension arm 24 1s a leading or trailing type
suspension arm and extends 1n a direction that 1s transverse to
the wheel axis 16. The wheel axis 16 extends in a lateral
direction between laterally spaced wheels. The suspension
arm 24 extends rearwardly or forwardly from the electric
motor 18 1n a longitudinal direction. The suspension arm 24
includes a first flange mount portion 26 that i1s rigidly
mounted to an inboard facing side 28 of the electric motor 18
and a second flange mount portion 30 that 1s rigidly mounted
to an outboard facing side 32 of the electric motor 18. The
inboard facing side 28 faces toward a vehicle center and the
outboard facing side 32 faces toward the vehicle wheel 22.

Also as shown 1 FIG. 1, the output 20 from the electric
motor 18 drives a rotating parking brake component 34. The
rotating parking brake component 34 can comprise a disc, a
cone, a drum, or any other type of rotating parking brake
component. A non-rotating brake component 36 1s selectively
engaged with the rotating parking brake component 34 to
apply a parking brake force as needed.

As shown 1n FIG. 2, the electric motor 18 includes a motor
housing 40 that 1s mounted directly on top of the suspension
arm 24. The suspension arm comprises a box-like structure
and 1ncludes an arm portion 42 that extends underneath the
motor housing 40. The first 26 and second 30 flange mount
portions extend upwardly from opposing outer edges 44 of
the arm portion 42 for rigid attachment to opposing sides of
the motor housmg 40 as described above. Thus, the motor
housing 40 1s cradled within a box-like structure formed by
the arm portion 42, and the first 26 and second 30 flange
mount portions. Additionally, the motor housing 40 1s rigidly
mounted to the spindle 12 via mounting tlange 46 (FI1G. 1).
This suspension mounting configuration allows the motor
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housing 40 to form a structural part of the suspension for
accommodating certain types of suspension loads. This will
be discussed 1n greater detail below.

The suspension arm 24 includes a first end 50 that 1s
attached to a vehicle structure 52 and a second end 54 that 1s
attached to the motor housing 40. The first end 50 comprises
a pivot attachment and the second end 54 comprises a rigid
attachment via the first 26 and second 30 flange mount por-
tions, as described above.

The arm portion 42 extends away from the motor housing
40 1n a longitudinal direction toward the pivot attachment.
The arm portion 42 1s defined by a first width W1 at the
clectric motor 18 and widens out to a second width W2 at the
pivot attachment. The pivot attachment comprises a first pivot
60 that 1s coupled to the vehicle structure 52 and a second
pivot 62 that 1s coupled to the vehicle structure 52. Preferably,
the vehicle structure comprises a frame rail having spaced
apart rail tlanges that mount the first 60 and second 62 pivots,
however, the suspension arm could also be attached to other
types of vehicle structures.

The first 60 and second 62 pivots are laterally spaced apart
from each other and rotate about a common axis 64. The axis
64 1s parallel to and longitudinally spaced apart from the
wheel axis 16. As shown in FIG. 2 the first prvot 60 comprises
an outboard pivot that 1s spaced from the electric motor 18 by
a greater lateral distance than the second pivot 62 (inboard
pivot) due to the widened portion of the suspension arm 24.

By rigidly mounting the motor housing 40 directly to the
suspension arm 24, the motor housing 40 comprises a struc-
tural suspension component that accommodates torsional
loads resulting from forces exerted by the pivot attachment of
the suspension arm 24. These torsional loads are generated as
the vehicle wheel 22 experiences loading that tries to rock or
twist the vehicle wheel 22 1n an mnward or inboard direction.

As shown 1n FIG. 3, the output 20 of the electric motor 18
comprises an output shaft 66 that 1s co-axial with the wheel
drive shaft 14. The electric motor 18 includes stator lamina-
tions 70 that are fixed to the motor housing 40 and rotor
laminations 72 that are mounted for rotation with the output
shaft 66. Operation of the electric motor 18 due to 1nteraction

between the stator 70 and rotor 72 laminations 1s as known
and will not be discussed 1n further detaail.

The output shait 66 1s rotatably supported for rotation
relative to the motor housing 40 by a pair of bearings 74. One
bearing 74 1s positioned at an outboard end 76 of the output
shaft 66 and one bearing is positioned at an inboard end 78 of
the output shaft 66.

The electric motor 18 also includes a planetary gear set 80
that that 1s enclosed within the motor housing 40. The plan-
ctary gear set 80 includes a sun gear 82 that 1s directly fixed
for rotation with the output shaft 66. A plurality of planet
gears 84 are in direct meshing engagement with the sun gear
82. Preferably, three or four planet gears 84, are used, how-
ever, the number of planet gears 84 could vary. Each of the
planet gears 84 1s in direct meshing engagement with a ring
gear 86 that 1s fixed to the motor housing 40. The planet gears
84 are supported on a planet carrier 88 via a plurality of planet
pins 90.

The output shaft 66 drives the sun gear 82, which drives the
planet gears 84 about the ring gear 86, causing the planet
carrier 88 to rotate. The planet carrier 88 thus provides the
driving output to the wheel drive shaft 14. The planet carrier
88 includes a female connection portion 92 that 1s coupled to
a male connection portion 94 (FIG. 1) of the wheel drive shaft
14. It should be understood that these male and female con-
nections could also be reversed.
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A cover 96 encloses the planetary gear set 80 within the
motor housing 40. The female connection portion 92 1s sup-
ported for rotation relative to the cover 96 via a third bearing
98.

As discussed above, the electric motor 18 also drives a
rotating parking brake component 34. The rotating parking
brake component 34 1s fixed for rotation with the output shaft
66. Preferably, the planetary gear set 80 1s supported by the
outboard end 76 of the output shaft 66 and the rotating park-
ing brake component 34 1s supported by the inboard end 78 of
the output shaft 66. The non-rotating brake component 36 1s
preferably mounted to the motor housing 40.

Electronics/sensors 100, such as an encoder, for example,
are associated with the output shatt 66 for monitoring/con-
trolling motor characteristics. The electronics/sensors 100
are enclosed by a cover 102 that 1s mounted to the motor
housing 40.

The subject invention provides significant advantages over
traditional transverse motor mount configurations. A shorter,
but larger diameter, motor with a built-in single stage plan-
etary gear drive can be used to provide a more compact and
simplified mounting configuration where the motor output
and wheel drive axes are co-axial. In one example, this com-
pact configuration provides a motor that can be mounted
within an envelope of 17 inches by 13 inches, which 1s s1g-
nificantly smaller than prior designs, and which 1s easily
mounted within an envelope defined by an outer circumier-
ence of the vehicle wheel. Further, the use of the motor
housing as a structural member of the suspension also pro-
vides additional benefits as described above. Thus, the sub-
jection mvention provides a significantly lower cost, reduced
s1ze, and reduced weight configuration compared to prior
coniigurations.

Although a preferred embodiment of this invention has
been disclosed, a worker of ordinary skill 1n this art would
recognize that certain modifications would come within the
scope of this invention. For that reason, the following claims
should be studied to determine the true scope and content of
this invention.

What 1s claimed 1s:

1. A wheel drive assembly comprising:

a spindle;

a wheel shait mounted for rotation relative to said spindle
about a wheel axis;

an electric motor including a motor housing attached to
said spindle and a motor output shait coupled to drive
said wheel shaft, said motor output shait being co-axial
with said wheel axis; and

a suspension arm comprising one of a trailing arm and
leading arm extending 1n a direction transverse to said
wheel axis, said suspension arm having a pivot end
adapted for attachment to a vehicle structure and an
attachment end ngidly attached to said motor housing
such that said motor housing accommodates torsional
loads resulting from forces exerted by said pivot end of
said suspension arm.

2. The wheel drive assembly according to claim 1 wherein
said suspension arm extends 1n a generally longitudinal direc-
tion and wherein said pivot end of said suspension arm
includes a first pivot and a second pivot spaced from said first
pivot 1 a generally lateral direction transverse to said gener-
ally longitudinal direction.

3. The wheel drive assembly according to claim 2 wherein
said first and second p1vots pivot about a common axis that 1s
longitudinally spaced from, and parallel to, said wheel axis.
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4. The wheel drive assembly according to claim 2 wherein
said electric motor 1s positioned to be laterally oifset closer to
one of said first and second pivots than the other of said first
and second pivots.

5. The wheel drive assembly according to claim 1 wherein
said electric motor includes a planetary gear set enclosed
within said motor housing, said planetary gear set coupling,
said motor output shaft to said wheel shaft to provide speed
reduction for a vehicle wheel.

6. The wheel drive assembly according to claim 5 wherein
said planetary gear set includes a sun gear fixed to said motor
output shaft, a plurality of planet gears 1n meshing engage-
ment with said sun gear, a ring gear fixed to said motor
housing and 1n meshing engagement with said plurality of
planet gears, and a planet carrier coupled to said plurality of
planet gears, said planet carrier providing driving output to
said wheel shatt.

7. The wheel drive assembly according to claim 6 wherein
said planet carrier includes one of a female portion and a male
portion and the wheel shait includes the other of said female
and male portions, said female and male portions being
coupled together to drive the vehicle wheel.

8. The wheel drive assembly according to claim 5 wherein
said motor output shaft includes an inboard end and an out-
board end, and wherein said planetary gear set 1s coupled to
said outboard end.

9. The wheel drive assembly according to claim 8 including,
a parking brake rotating component that 1s driven by said
inboard end of said motor output shait, said parking brake
rotating component being selectively engageable with a non-
rotating component to apply a parking brake force.

10. The wheel drive assembly according to claim 1 wherein
said motor housing 1s only attached to one suspension arm.

11. The wheel drive assembly according to claim 1 wherein
said suspension arm comprises a single arm body having a
box-like structure with an open top, said suspension arm
extending underneath said electric motor such that said motor
housing 1s mounted directly on top of said suspension arm.

12. The wheel drive assembly according to claim 1 wherein
said suspension arm includes a longitudinally extending arm
portion that extends between said attachment end and said
pivot end, said longitudinally extending arm portion being
defined by a variable width extending 1n a lateral direction,
said arm portion having a significantly greater width at said
pivot end than at said attachment end.

13. The wheel drive assembly according to claim 1 wherein
said motor housing substantially encloses said electric motor
and 1s separately attachable to said suspension arm at said
attachment end, and wherein said spindle circumierentially
surrounds said wheel shafit, 1s positioned externally of said
motor housing, and 1s separately attachable to an outboard
side of said motor housing at a connection 1nterface.

14. The wheel drive assembly according to claim 1 includ-
ing a single-stage planetary gear set enclosed within said
motor housing, said single-stage planetary gear set compris-
ing a sun gear driven by said motor output shait, a plurality of
planet gears 1n meshing engagement with said sun gear, a
non-rotating ring gear in meshing engagement with said
planet gears, and a planet carrier that supports said planet
gears and provides driving output to said wheel shaft.

15. The wheel drive assembly according to claim 1 wherein
said wheel shait 1s separately coupled to an outboard end of
said motor output shait at a connection interface located
outboard of said motor housing, and including a brake assem-
bly comprising a rotating brake component directly fixed to
an i1nboard end of said motor output shait at a connection
interface located inboard of said motor housing and a non-
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rotating brake component fixed to said motor housing, said
non-rotating brake component selectively engaging said
rotating brake component 1n response to a braking request.

16. A wheel drive assembly comprising;

a spindle;

a wheel shaft mounted for rotation relative to said spindle
about a wheel axis;

an electric motor including a motor housing attached to
said spindle and a motor output shait coupled to drive
said wheel shaft, said motor output shait being co-axial
with said wheel axis;

a single-stage planetary gear set positioned within said
motor housing, said single-stage planetary gear set com-
prising a sun gear driven by said motor output shatt, a
plurality of planet gears in meshing engagement with
said sun gear, a non-rotating ring gear in meshing
engagement with said planet gears, and a planer carrier
that supports said planet gears and provides driving out-
put to said wheel shaft; and

a suspension arm extending in a direction transverse to said
wheel axis, said suspension arm having a pivot end
adapted for attachment to a vehicle structure and an
attachment end rnigidly attached to said motor housing
such that said motor housing accommodates torsional
loads resulting from forces exerted by said pivot end of
said suspension arm, and wherein said suspension arm
extends 1n a generally longitudinal direction with said
pivot end of said suspension arm including a first pivot
and a second pivot spaced from said first pivot 1n a
generally lateral direction transverse to said generally
longitudinal direction, and wherein said attachment end
of said suspension arm includes a first flange mount
attached to an mnboard facing side of said electric motor
and a second tlange mount attached to an outboard fac-
ing side of said electric motor.

17. A suspension assembly for an electrically driven wheel

comprising;

a spindle extending along a lateral axis;

an electric motor for driving a vehicle wheel, said electric
motor including a motor housing directly attached to
said spindle; and

a suspension arm comprising one of a trailing arm and
leading arm extending 1n a longitudinal direction trans-
verse to said lateral axis, said suspension arm having a
pivot end adapted for attachment to a vehicle structure
and an attachment end rigidly attached to said motor
housing such that said motor housing accommodates
torsional loads resulting from forces exerted by said
pivot end of said suspension arm.

18. The suspension assembly according to claim 17
wherein said electric motor includes an output shaft that 1s
co-coaxial with a wheel axis of rotation.

19. The suspension assembly according to claim 18
wherein said pivot end of said suspension arm includes a first
prvot and a second pivot spaced from said first pivot 1n a
lateral direction.

20. The suspension assembly according to claim 17
wherein said motor housing 1s only attached to one suspen-
101 arm.

21. The suspension assembly according to claim 17
wherein said suspension arm comprises a single arm body
having a box-like structure with an open top, said suspension
arm extending underneath said electric motor such that said
motor housing 1s mounted directly on top of said suspension
arm.

22. The suspension assembly according to claim 21
wherein said suspension arm 1includes a longitudinally
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extending arm portion that extends between said attachment
end and said pivot end, said longitudinally extending arm
portion being defined by a vanable width extending in a
lateral direction, said arm portion having a significantly
greater width at said pivot end than at said attachment end.
23. The suspension assembly according to claim 17
wherein said motor housing substantially encloses said elec-
tric motor and 1s separately attachable to said suspension arm
at said attachment end, and wherein said spindle circumfier-
entially surrounds a rotating wheel shaft, 1s positioned exter-
nally of said motor housing, and 1s separately attachable to an
outboard side of said motor housing at a connection interface.
24. The suspension assembly according to claim 23 includ-
ing a single-stage planetary gear set enclosed within said
motor housing, said single-stage planetary gear set compris-

ing a sun gear driven by a motor output shaft, a plurality of

planet gears 1 meshing engagement with said sun gear, a
non-rotating ring gear in meshing engagement with said
planet gears, and a planet carrier that supports said planet
gears and provides driving output to said rotating wheel shafit.

25. The suspension assembly according to claim 24
wherein said rotating wheel shait 1s separately coupled to an
outboard end of said motor output shatt at a connection inter-
tace located outboard of said motor housing, and including a
brake assembly comprising a rotating brake component
directly fixed to an mnboard end of said motor output shaft at
a connection interface located inboard of said motor housing
and a non-rotating brake component fixed to said motor hous-
ing, said non-rotating brake component selectively engaging
said rotating brake component in response to a braking
request.

26. A suspension assembly for an electrically driven wheel
comprising;

a spindle extending along a lateral axis;
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an electric motor for driving a vehicle wheel, said electric

motor including a motor housing directly attached to
said spindle and an output shaft that 1s co-coaxial with a
wheel axis of rotation;

a wheel shaft mounted for rotation relative to said spindle

about a wheel axis, said wheel shait being separately
coupled to an outboard end of said output shaft at a
connection interface located outboard of said motor
housing;

a brake assembly including a rotating brake component

directly fixed to an inboard end of said output shaift at a
connection interface located inboard of said motor hous-
ing and a non-rotating brake component fixed to said
motor housing, said non-rotating brake component
selectively engaging said rotating brake component in
response to a braking request; and

a suspension arm extending 1 a longitudinal direction

transverse to said lateral axis, said suspension arm hav-
ing a pivot end adapted for attachment to a vehicle struc-
ture and an attachment end rigidly attached to said motor
housing such that said motor housing accommodates
torsional loads resulting from forces exerted by said
pivot end of said suspension arm, and wherein said sus-
pension arm comprises one of a trailing arm and leading
arm and wherein said pivot end of said suspension arm
includes a first pivot and a second pivot spaced from said
first p1vot 1n a lateral direction, and wherein said attach-
ment end of said suspension arm 1ncludes a first flange
mount directly attached to an mnboard facing side of said
motor housing and a second flange mount directly
attached to an outboard facing side of said motor hous-
ng.
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